The present work is a numerical computation of steady turbulent forced convection flow and pressure drop characteristics in a two-dimensional horizontal rectangular cross section channel with isothermal walls and with two and three transverse waved baffles disposed overlapping in a channel. The fluid is considered as Newtonian, incompressible with constant properties. The governing equations are solved by the method of finite volume using the SIMPLE-algorithm, in two-dimensions with the k-ε Realizable model to describe the turbulence phenomena. Air is the working fluid with the flow rate in terms of Reynolds numbers ranging from 5.000 to 20.000. The effects of baffle shape geometries as well as Reynolds numbers on the flow patterns and heat transfer performances are investigated. To understand the characteristics of thermal enhancements, the friction factors are also computed. The numerical results are validated with available flat rectangular-shaped baffle measured data and found to agree well with measurement. The computational results reveal essentially, that the shape of the baffles can alter substantially the flow and heat transfer characteristics. In general, an increase in the flow Reynolds number causes a substantial increase in the convective Nusselt number other than the pressure loss is also very important. The detailed knowledge on the flow and heat transfer distribution in this computation provides the basis for further optimization of shell-and-tube heat exchangers.
Introduction
A heat exchanger is a complex device that provides the transfer of thermal energy between two or more fluids, which are at different temperatures and are in thermal contact with each other. The heat exchangers are used either individually or as components of a large thermal system, in a wide variety of commercial, industrial and household applications, such as, power generation, refrigeration, ventilating and air-conditioning systems, process, manufacturing, aerospace industries, electronic chip cooling as well as in environmental engineering. The thermal performance of an air heat exchanger is poor because of the low convective heat transfer coefficient between heat transfer surface and air.
There are several techniques available to enhance the heat transfer coefficient of gases which include, treated surfaces, rough surfaces, extended surfaces, coiled tubes, surface vibration, twisted tape inserts, fluid vibration, jet impingement etc.
Several investigators have shown that the vortex generator, which can be a baffle or fin, is a way which effectively increases the heat transfer. Experimental study by Shivani et al. (2010) showed that the presence of the rectangular baffle which occupies almost 15% of the cross section of a square channel has induced a substantial increase in production rate and of the energy dissipated, and also modified the hydrodynamic characteristics of flow. Simulations of three dimensions on a microscopic scale horizontal laminar flow in a conduit containing a downward step were carried out by Kherbeet et al. (2014) in order to study the effect of the height of the step on the flow characteristics and heat transfer. Three height values with the same step width were considered, The results revealed that the increase of the height of the step induces an increase of the length of attachment and the Nusselt number but also to a crossing of the friction coefficient. The experimental study of Chu-Wei (2006) tries to explore the local heat transfer in a rectangular channel in the presence of the baffles. In order to obtain an optimized deflector and increase the flow field disturbance, the analysis of effect of five baffles heights (H = 10 to 50 mm) and three different numbers of pores (N = 1-3) was carried out. This experiment showed that the Nusselt number gradually decreases with increasing distance X / L , revealed the positions of minimum and maximum Nusselt and that the position of the peak varies with the presence or absence of pores in the baffles. This study helped provide a more complete understanding of heat transfer and flow field. The research was led by Promvonge (2010) to evaluate the heat transfer by forced convection and the behavior of a turbulent air flow through a channel equipped with baffles V 60 °. Experimental results show that the baffle V-60 ° provides the dramatic increase in the Nusselt number, in friction factor and thermal improvement factor contribution to the values of the smooth-walled channel. This study showed that the use of baffle V-60 ° with PR = 1 and e / H=0,10 leads to a factor of maximum thermal improvement, about 1.87 with low Reynolds number. A numerical study was conducted by Promvonge et al. (2010) to examine the characteristics of the periodic laminar flow and heat transfer fluid in a three dimensional channel isothermal wall. During this study, baffles form V with an angle of attack of 45 ° are connected in tandem and with a staggered arrangement on the upper and lower walls of the conduit. This study showed that the increase of the baffle height V-45, oriented either upstream or downstream, resulting the increase in values of the Nusselt number and friction factor. Calculation results also reveal that the optimal thermal enhancement factor is about 2.6 for the case of V-45 baffles oriented upstream and approximately 2.75 in the case of baffles V-45 oriented downstream. Demartini et al. (2006) studied the hydrodynamic characteristics of the flow of air through a rectangular channel with two planar baffles. The velocity profiles and pressure gradients were analyzed and studied in detail in this work. , and studied the effects of baffle size, perforation and focus on strengthening internal heat transfer. They found the dimension of the heat transfer surface and optimum positioning of the deflectors. The analysis of the effect of the shape of the baffles on the dynamic structures and heat of the air flow within a rectangular duct has been the subject of research of several researchers, Saim et al (2013) et Benzenine et al (2010) , (2013) and (2014) treated the heat transfer and pressure losses with two baffles with diamond, corrugated and trapezoidal shaped, these studies have shown that increasing the heat exchange area of the chicane without increasing its height contributed to the improved heat exchange, and the wave shape ensured a drastic decrease pressure losses.
The main objective of this study is to examine the dynamic and thermal behavior of turbulent air flow through a rectangular channel with waved baffles disposed overlapping. A comparison of the results for configurations with two and three baffles was made, and the effect of the spacing of the baffles on the improvement of heat transfer and the pressure loss was performed for the two configurations and for different Reynolds numbers.
Description of the Physical Problem
The characteristics of the geometry of the problem under study are shown in Figure 1 (a, b and c) and Table 1 . This is a rectangular pipe provided with wavy baffles. For the comparison of the increase in heat transfer and friction, a smooth walled channel ( Figure 1a ) was used. The hydrodynamic and thermal results of two geometric configurations of the channel were compared, the first containing two corrugated baffles placed sequentially in the upper and lower channel wall (Figure 1b) , the second disk tans, driving is equipped with three wavy baffles. The third baffle was placed in the middle of the bottom wall while the other two are placed in the upper wall, in lover and downstream channel. The three inter fin spacing, L1 = S / 2 = 0.071 m, S = L2 = 0.142 m and L3 = 3S/2 = 0.213m were used, identified with respect to the central baffle.
This conduct is crossed by turbulent airflow satisfying the following assumptions: thermo physical properties of the fluid assumed constant; uniform velocity profile at the entrance; heat transfer by radiation is negligible; the flow is assumed to be steady.
The geometrical dimensions of the system are listed below: 
Mathematical Formulation
The flow governing equations are: continuity equations, the Navier-Stokes equation and the energy equation. These equations are used to simulate the steady incompressible fluid flow and the heat transfer within the computational domain may s' written in the following form:
The governing equations based on the realizable k-ε model (Shih et al. 1995) used to model the turbulence, are solved by the finite volume method (Patankar, 1980) . The terms of velocity and pressure equations of motion are solved by the SIMPLE algorithm (Patankar and Spalding, 1972) .
Where u and v are respectively the axial and radial components of flow velocity .
The turbulent viscosity is given by:
The difference with the standard model is in the term of Cμ which is given by:
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Or : Ω ̅ ij is the turnover rate tensor obtained from the angular velocity K. The constants of the model are given by:
The relationship between the Reynolds number and the friction coefficient can be expressed as:
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The Boundary Conditions
The dynamic and thermal behavior of the air to the three positions of the baffles was analyzed for Reynolds numbers equal to 5000, 10000, 15000 and 20000, for this, a uniform speed is applied as a boundary condition to the hydraulic input of the computational domain. And as a condition for the thermal limit, a constant temperature of 102 ° C (375 K) was applied on the two horizontal walls of the computational domain. The temperature of the fluid used was set at 27°C (300 K) to the inlet side. The conditions for hydraulic and thermal limits are chosen in accordance with that section of Nasiruddin et al. (2006) .
The Numerical Resolution
The numerical solutions are performed using Fluent (V 6.3.26), a CFD commercial calculation code based on the finite volume method. Turbulence is modeled using the turbulence model realizable k-ε. In the processes of mesh generation, a number of tests, in terms of variations of y + a function of axial distance, have been made in the vicinity of the channel walls for all the cases treated and for the range of Reynolds numbers studied. These tests showed that the effects of the viscous sub-layer (y + ≤ 5) are taken into account since the maximum values of y + remains below 5.
A structured non-uniform, with quadrilateral meshes, highly concentrated in the vicinity of the walls and baffles was used. To test their independence on the results, a series of test results obtained for the two components of the velocity and the current function has been performed. Finally and after achieving achievement gap between two grids, less than 1%, the mesh grid with 195 not in the vertical direction and 82 in the horizontal direction was selected and that will allow to obtain solutions with an error reasonable.
Results and discussion

Comparison, validation
For a smooth wall channel, a comparison of results obtained with known correlations was performed, for example Dittus-Boelter (1930) and Gnielinski (1976) for the Nusselt number and Blasius (Incropera, 2006) , Petukhov (Incropera, 2006) , for the coefficient of friction. (Incropera, 2006) 0.038 0.013 0.031 0.010 0.028 0.01 1 0.026 0.011
Comparing the results of the Nusselt number and friction coefficient is shown in Table 2 and shows that there is good agreement between the simulations and the different correlations mentioned above.
The evolution of the ratio of the friction coefficients, shown in Figure 2 , indicate a decrease in friction as a function of the increase in the Reynolds number, and that the addition of the third baffle considerably increases the friction with the walls can reach twice those obtained with two baffles in the same conditions. Analysis of friction according to the distances between fins shows that for the case of two baffles, an inverse proportionality exist between the elevation of the distance between fin and friction, while for the case of three fin, that is the L2 intermediate cases correspond to the lowest friction, which suggests the existence of an optimum (minimum) located between 0.14 and 0.16 as is shown in Figure 3 , which shows the evolution of the coefficients report of friction according to the distance between fins for different Reynolds numbers. The Nusselt number Nu is a parameter directly indicating the quality of Heat exchange: physically speaking, an increase in this number indicates a significant contribution to the flow of heat exchange with the walls, while the ratio of average Nusselt number ̅̅̅̅ / ̅̅̅̅ 0 , defined as the ratio of the average Nusselt number increased compared to the average number of Nusselt obtained in a smooth channel, is presented in Figure 4 , depending Reynolds number. A decrease in the ratio of Nusselt number is observed for all the cases dealt with the increase of the Reynolds number in the range 5000 to 20.000.
For the case of two baffles, reporting the largest average Nusselt are observed for the smallest distance between fin (L1 = S / 2) mainly due to rapprochement the walls of the pipe and the baffle, which promotes a higher temperature gradient and subsequently a better heat transfer fluid with adjacent particles . In contrast, the lowest values of the ratios of Nusselt number corresponding to the largest distance and this because of the flow which begins its development, and with mixing, temperature of the fluid returns to the main stream temperature.
For the case of three baffles, the low ratios of Nusselt numbers are observed in the case of medium distance (L2 = S), while the larger ratios are those obtained for the smallest and the largest distance. The values of number average Nusselt report found by introducing the third baffle are much higher than those found in the case of a two channel baffles (minimum values around 1.775 and maximum around 2.83). Hamidou Benzenine, Rachid Saim, Said Abboud and Omar Imine/ American Journal of Heat and Mass Transfer (2016) Vol. 3 No. 6 pp. 382-395 392 The results presented above have shown that the addition of the third baffle in the channel significantly intensifies the heat transfer and this because of the temperature gradient that is greater in the low-speed region than in one where the speed is high, then talk to the direct vicinity of the channel wall and the new chicane precisely. naturally there are therefore a large temperature gradient in this region as one moves away, the fluid motion more effectively promotes the transport of energy compared to the case of two baffles. But, instead, it causes additional pressure drops; physically logical, more obstacles, more interaction that opposes the fluid motion and automatically result subsequently more friction and dragged.
The use of the concept of thermal enhancement factor , which takes into account the thermal and dynamic performance is required. Figure 5 shows the variation of the factor for improving the thermal performance  based Reynolds number for different configurations studied. The analysis of the curves shows that the improved thermal performance factor tends to decrease with increasing Reynolds number of the values .It is also evident that the increased distance between the fins is proportional with the increase in the thermal enhancement factor. The most efficient and the most favorable case is that of a channel with three baffles and L3=3S/2. Table 3 summarizes the results obtained with two and three chicanes, namely:
The drag coefficient CD, The ratio of the numbers means Nusselt ̅̅̅̅ / 0 ̅̅̅̅̅̅ , The ratio of friction coefficients ̅̅̅̅ / 0 ̅̅̅̅̅ , The improvement factor  thermal performance.
In all cases treated, it is noted that: Hamidou Benzenine, Rachid Saim, Said Abboud and Omar Imine/ American Journal of Heat and Mass Transfer (2016) Vol. 3 No. 6 pp. 382-395 393 The presence of an obstacle in the flow improves the heat exchange with respect to a channel without baffles. The sharp reduction in the distance between the baffles (less than 0.1m) sharply increases the friction and dragged and thus causes additional pressure drop. The implantation of the third baffle in the pipe improves the Nusselt and also increases the friction relationships and lags behind the case of two baffles. Increasing values improvement factors is proportional with the increase in the number of baffles in the pipe. The results of the thermal enhancement factor obtained for configurations with two and three chicanes, show that if the most favorable and most powerful corresponds to a spacing between fins equal to L3=3S/2. 
Conclusion
A numerical study was conducted to examine a two-dimensional steady turbulent flow of a Newtonian fluid, incompressible heat transfer by forced convection in a rectangular duct. The realizable k-ε model is used to simulate the flow in the channel. The numerical results were obtained using the commercial code Fluent, using the finite volume method. Different numbers of baffles are attached to the edges of the top and bottom walls have been introduced in the duct to highlight their influence on the dynamic and thermal behavior of the flow for Reynolds numbers ranging from 5,000 to 20,000.
